Background: Adherence to self-management recommendations is critical for patients with chronic disease. Compared to nonsmokers, smokers with conditions such as diabetes, HIV, and heart disease are less likely to adhere to provider recommendations. Regarding lung disease, asthma and COPD can be caused and/or exacerbated by smoking, however little is known on the relationship between adherence and smoking status in these patients. The purpose of this study was to characterize the relationship between smoking status and adherence to multiple measures of self-care-including medication taking, medication filling, appointment keeping, yearly vaccinations, carrying medical supplies, and healthcare utilization-in patients with asthma and/or COPD. In addition to smoking status, we also included an examination of these measures by race/ethnicity, gender, and diagnosis. Methods: This study employed a cross-sectional design on a convenience sample of n = 84 patients (40-64 years old) with a diagnosis of asthma and/or COPD. The study was conducted between November 2015 and February 2016 in the waiting rooms of the outpatient pulmonary clinics at the University Medical Center of New Orleans. Patients completed surveys while awaiting their clinic appointments. Smoking status, gender, race, and diagnosis were explored as predictors of adherence using descriptive statistics, chi square, and regression analyses. Results: Compared to nonsmokers, smokers were less adherent to medication filling (p < 0.0001), medication taking (p = 0.04), and having yearly vaccinations than nonsmokers (p = 0.003). Independent of smoking status, differences across self-care measures were also found based on respondent diagnosis, race, and gender. Conclusion: Smoking was associated with lower levels of adherence across multiple measures of self-care. By identifying self-management practices that are most difficult for smokers to follow, researchers can develop interventions that target these behaviors. Future studies should further this research by exploring reasons for poor adherence in smokers as well as address barriers that inhibit self-care.
Background
Smoking is the leading cause of chronic disease in the US including 90% of lung cancers, 80% of all chronic lung conditions, and 20% of all cardiovascular disease [8] . Asthma and chronic obstructive pulmonary disease (COPD) affect 8.2% and 6.3% of US adults, respectively. Nonetheless, although smoking is known to worsen outcomes for these patients, 25% of asthmatics and 51% of COPD patients continue to smoke post diagnosis [33] . Compared to non-smokers, smokers with these conditions experience increased hospitalizations, diseaserelated complications, and are more likely to die from their chronic conditions [33] .
Poor treatment adherence, a lead contributor to poor outcomes in some patient groups, is described as a growing problem in chronic disease literature [28] . Poor adherence is associated with sociodemographic risk factors including low educational attainment, low income status, race/ethnicity as well as behavioral risk factors including alcohol abuse, drug use, and tobacco use [1, 20, 22] . Studies evaluating adherence in smokers with chronic disease report that tobacco users are less likely to follow self-management recommendations than nonsmokers or former smokers [1, 6, 22, 35] . Nonetheless, in these studies, the examination of treatment adherence is largely limited to the ability of patients to take medications as prescribed. For patients with asthma and/or COPD, self-care programs may include multiple recommendations such as medication taking, yearly flu and pneumonia vaccinations, carrying medical supplies for sudden exacerbations, reducing or quitting tobacco use, attending follow-up appointments, or attending pulmonary rehab. As part of guideline-based care, physicians may make these and other recommendations for patients to adopt as part of their self-management care plan [12, 26] .
Although asthma and COPD are caused and/or exacerbated by tobacco use, the relationship between smoking status and adherence in these patients has not been previously studied. In this study, researchers sought to characterize the relationship between smoking and treatment adherence in patients with asthma and/or COPD. This included an examination of adherence based on several measures of self-care including medication taking, medication filling, appointment attendance, carrying medical supplies, yearly vaccinations, and healthcare utilization (i.e., emergency room visits and hospitalizations). In addition to examining adherence in smokers, researchers also sought to explore additional patient-level factors including race, gender, and diagnosis.
Methods

Survey instrument
The Asthma and COPD Patient Adherence Survey consisted of 43 Likert and multiple-choice items created by study researchers and adapted from the Tobacco Control Initiative Patient Survey [25] and the Medical Outcomes Survey [17] . The development of new survey items was informed by clinical practice guidelines for the treatment of asthma and COPD [12, 26] . The study instrument was validated using the content validity expert panel review process [21] . Experts (n = 8) in clinical pulmonology, allergy, pharmacy, health education, nursing, and primary care participated in the validation assessment. Based on content validity index (CVI) methods developed by Lawshe [21] , total survey content validity was calculated at CVI =0.87, where CVI > 0.80 is acceptable for inclusion [21] . The survey allowed researchers to collect primary outcome measures of self-reported adherence including medication filling, medication taking, appointment attendance, carrying medical supplies, yearly flu and/or pneumonia vaccinations, emergency room (ER) visits, hospitalizations, and missed appointments within the past 12 months. Validation and preference of self-reported adherence is documented in clinical literature [7, 11, 18] . Patient level factors including demographic characteristics, tobacco history, and diagnosis were also collected.
Recruitment and data collection
Approval for this study was obtained from the Institutional Review Board at Louisiana State University Health Sciences Center and Tulane University School of Medicine (Approval #9138). This study employed a crosssectional design on a non-probability, convenience sample of adult patients (40-64 years old) with asthma and/or COPD. Patients were excluded if they were unable to complete the survey on their own. Data collection occurred between November 2015 and February 2016 in the pulmonary clinic waiting areas of University Medical Center of New Orleans (UMCNO), a state hospital serving Louisiana's indigent population. All patients arriving for clinic appointments were screened using a two item query to confirm age and a diagnosis of either asthmaonly (AO), COPD-only (CO), or a combined diagnosis of asthma and COPD (AC). Eligible patients completed the survey while waiting for their appointment. The screening and survey process were anonymous as no patient identifiers were collected. One goal of recruitment was to enroll an equal number of smokers and nonsmokers into the study. Study staff disseminated and collected completed screeners and surveys.
Data analysis
Statistical Analysis Software (SAS) 9.4 was used to analyze data. Descriptive statistics of patient characteristics including race, gender, medical history, and tobacco history were performed. Chi square analysis was also conducted to examine associations among predictors (i.e., race, gender, diagnosis and smoking status). Bivariate analysis was also performed using chi square analysis to explore associations between predictors and measures of adherence. Multivariate logistic regression was conducted to further test predictor effects. Interactions among predictors were also explored. Odds ratios for predictors were constructed in order to understand the direction of relationships.
Results
Sample characteristics
Of the 239 patients screened, 91 (38.1%) were determined eligible based on age and diagnosis criteria. More specifically, 62 patients did not meet age criteria (40-64 years), while 86 patients did not have a diagnosis of asthma and/or COPD. Of the n = 91 eligible patients, 88 (96.7%) consented to take the survey, and n = 84 completed the survey in full. Baseline characteristics of the study sample are reported in Table 1 . The age of sampled patients ranged from 41 to 64 years (Mean = 56.07, SD = 5.25). Respondents were predominately White/ Caucasian (45.1%) and Black/African American (46.3%), with a small portion identifying as Other (8.4%) which included Native Hawaiian/Other Pacific Islander (n = 2), American Indian/Alaskan Native (n = 3), or Hispanic (n = 2). These participants were combined with Black participants into one measure "Black and Other Races" (54.9%). Most patients (91.8%) reported a household income below 133% of the federal poverty level and 74.7% of respondents had less than a high school diploma or GED.
Smoking history
Participant history of tobacco use is presented in Table 2 . The majority of the sample (62.65%, n = 52) identified as being "current smokers" (i.e., those who reported smoking 100 cigarettes in their lifetime, and currently smoke). Respondents who reported smoking 100 cigarettes in their lifetime but did not currently smoking were defined as former smokers (n = 17). Former smokers and never smokers (individuals who have never smoked 100 cigarettes in their lifetime) were dichotomized into one measure, nonsmokers (n = 31), for purposes of this research. Past studies have supported this approach, as former smokers and never-smokers are behaviorally and clinically similar in adherence studies [6, 22, 31] .
Race, gender and smoking status and diagnosis
Smoking rates were not different between White males and "Black and Other" males (p = 0.4646). Differences were also not found between White and "Black and Other" females. However when comparing "Black and Other" males to "Black and Other" females, males were more likely to be smokers (p = 0.056). Regarding patient diagnosis, current smokers were more likely to have a combined asthma/COPD (AC) (46.15%) diagnosis, than COPD-only (CO) (28.85%) or asthma-only (AO) participants (25.0%).
Analysis of adherence measures and predictors
Associations between adherence measures and predictors are shown in Table 3 . When controlling for gender, smoking status and diagnosis were significant independent predictors of medication filling (p = 0.0023 and p = 0.0008, respectively). Smoking was negatively associated with having all medications filled, OR = 0.085, 0.018-0.400. AO respondents were more likely to have all medications filled compared to those patients with COPD (CO) (p = 0.0005). Patients with asthma were also more likely than AC patients to have all medications filled. Smoking status was the only predictor of taking a medication, as smokers were less Race was the only significant predictor of missed appointments. "Black and Other" respondents were more likely to miss an appointment than Whites (OR = 4.61, 1.699-12.510, p = 0.0027. Race and diagnosis independently predicted ER visits (p = 0.0245 and p = 0.0043, respectively), however when controlling for gender, race and diagnosis also predicted hospital admissions (p = 0.0177 and p = 0.0063, respectively). Whites were more likely to have ER visits and hospital admissions than Blacks and Others (OR = 0.133, 0.399-0.449, p = 0.0012 and OR = 0.119, 0.033-0.428, p = 0.0011, respectively). Diagnosis was also a significant predictor of ER visits and hospital admissions. Compared to patients with COPD, patients with asthma were less likely to have an ER visit (OR = 0.222, 0.058-0.853, p = 0.0285) or be admitted to the hospital (OR = 0.037, 0.004-0.351, p = 0.004). Differences were not noted in these measures between patients with AC and CO diagnoses.
Gender was the only significant predictor of medical appointment attendance as being a female respondent was positively associated with attending medical appointments (OR = 7.143, 1.452-35.137, p = 0.0156).
Interactions were explored in this analysis however were not significant.
Discussion
Smoking status and adherence
Reasons for poor medication filling and taking in smokers may be pharmacological. Inhaled corticosteroids (ICS) are commonly prescribed for the daily management of asthma and COPD. ICS resistance is a condition that affects smokers, making them less resistant to the therapeutic effects of their ICS medications [4, 5, 16] . Therefore, if smokers do not feel their medication is reducing or alleviating symptoms, they may not fill or take their medications as recommended. Researchers have also investigated poor vaccination efficacy in smokers, although a consensus has not been determined in this area [10] .
Compared to nonsmokers, smokers may also incur more health-related costs. Smokers often suffer with uncontrolled asthma or COPD requiring more costly, higher dosed therapies that are sometimes not covered by health plans. Additionally, smokers may feel less financially stable than nonsmokers due to increased spending on tobacco products [3] . In one study evaluating tobacco spending in adults, those individuals with the greatest level of nicotine dependence not only spent the most on cigarettes each month, but were also more likely to go without their basic living needs [3] .
Flu and pneumonia vaccinations are highly recommended for patients with chronic lung disease as diseased lungs become less resilient to the effects of these viruses over time [12, 26] . However, smokers may be less engaged in their self-care, perhaps even avoiding preventive and wellness services such as vaccinations. This is evident as an association between active smoking and low adoption of health promoting behaviors, such as balanced eating and exercise, are found in the literature [15, 29] . One study even attributed such behavioral differences to varying personality types with smokers being more impulsive, less agreeable, and less cooperative than nonsmokers [2] .
Adherence by race and gender
Compared to males, female respondents were more likely to attend their asthma and/or COPD related visits as recommended. Women are often described as better self-managers of their chronic conditions and report being more satisfied and engaged with their provider and care plan [13, 30] . In some studies, women also expressed a preference to be informed decision makers of their care and were more likely to play an active role in physician encounters than men [13, 30] . Regarding race, Whites in our study had higher ER visit and hospitalization rates but Blacks and Others were more likely to miss their appointments. This is similar to one study describing appointment nonadherence in a cohort of African American patients with poorly controlled hypertension [27] . Reasons for missed appointments in these patients included access to care as well as poorer knowledge and attitudes towards care [27] . Although Whites had higher ER visit and hospitalization rates [24] , this may be due to the group's ability to recognize symptoms and seek out immediate care [9] . Additionally, hospital admissions have even been described as "protective factors", possibly even motivating patients to adhere after being hospitalized [32] .
Adherence by diagnosis
Differences in diagnosis were associated with varying levels of adherence across several measures including medication filling, ER visits, hospitalizations, carrying medications, and having a yearly flu and/or pneumonia vaccination. Excluding vaccinations, patients with an AO diagnosis had higher levels of adherence across these measures compared to patients with CO and AC diagnoses. Unlike COPD, asthma is non-progressive and symptoms are largely reversible with pharmacotherapy [26] . Patients with AO may experience overall fewer symptoms and can use therapies to quickly alleviate symptoms compared to those with CO or AC.
Patients with an AO diagnosis may also have less medication than those with COPD. In one study [19] those patients with multiple medications were significantly less likely to adhere than patients prescribed only one medication. Depending on level of severity, patients with COPD may have twice as many medications [12, 26] . Because asthma is largely diagnosed in childhood [26] , asthmatics may also be more accustomed to managing a chronic lung condition than those with CO which is typically diagnosed in late adulthood. Additionally, compared to patients with AO, the progressive nature of COPD often leads those affected to disability and even oxygen dependence [12] . These patients may therefore encounter more physical barriers to self-care than those managing asthma alone. Within our sample, patients with a combined diagnosis (AC) were more likely to have a vaccination than those with AO or CO. Patients with this combined diagnosis are known to experience more severe symptoms than those with only asthma or COPD [12] . These patients may frequent the clinic more often, and therefore have greater access to preventive services such as vaccinations.
Limitations
Our study was limited to the use of patient self-reported data. We therefore lacked information on lung function in order to confirm diagnoses as well as pharmacy data to track medication filling. Although research supports the validity of patient report in measuring adherence [18] , the absence of objective measures does require that we depend solely on patient's responses from which to draw conclusions between smokers and nonsmokers. Past studies describe an association between smoking and increased depressive symptoms [14] . Studies also indicate that depression is a risk factor for poor adherence in patients with chronic disease [14, 23, 34] ). We did not measure depressive symptoms in our study, however we acknowledge the potential impact of depression on self-care.
Conclusion
This was the first study to examine the relationship between adherence and smoking in patients with asthma and/or COPD. This was also the first study to examine adherence in smokers across multiple measures of selfcare in addition to medication taking. Through various analyses we discovered that some areas of self-care were not significantly different between smokers and nonsmokers, however differences did exist by certain patient-level factors such as respondent gender, race, and diagnosis.
Results of this study may be used to tailor care for smokers with asthma and/or COPD. Now that we have identified areas of poor adherence in this group, clinicians may develop targeted interventions such as patient counseling services to improve medication compliance and vaccinations in smokers. Investigators may further this research by examining why differences in adherence exist between smokers and nonsmokers. For example, a patient-focused, qualitative study may provide a platform for smokers to express their treatment preferences as well as identify barriers they experience which inhibit their self-care.
Results of this study may also inform the direction of new clinical research focused on smokers with chronic disease. Far too often, smokers are excluded from clinical trials for potential therapies or interventions. This study provides support for the inclusion of smokers in trials as considerations for poor adherence should be examined for all patient groups. Being that smokers make up a substantial proportion of asthma and COPD patients, their needs should also be considered in the development of new therapies.
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